Extracting features is one of the core issues in pattern recognition, in which affine invariant is important method to recognize object under complex environment. To solve the issues of the error increasing and the low efficiency for affine invariant extraction algorithms, a improved feature extraction algorithm based on region partition is proposed. First, the algorithm gets the centroid and optimalvertex of the binarized object image. Then, a new partition strategy of the affine region is applied. Finally, the affine invariant vecter will be obtained by the area ratio of the affine region. Experiments on Columbia University's Fish Database show that the invariant extracted by the proposed algorithm satisfies affine transformation properties. Compared with three popular affine invariant extraction algorithms, the proposed algorithm can achieve a better performance. The extracted invariant has a well ability to distinguish objects.
INTRODUCTION
The extraction of geometric invariant features is the key research of pattern recognition. Geometric features are the basic characteristics of an object image, such as the distribution of gray level and texture. According to these features, we can obtain the geometric invariant structure of the object represented as constant function forms in some transform. With geometric invariants we can identify different objects and distinguish the different situations of the same object.
By using the point, the length of line and area ratio, the region based invariant will be constructed. Then, the feature matching algorithms usually apply distance measurement to estimate the relationship between two images. The point feature can be the line intersection points (Liu and An, 2012) , local curvature discontinuity points, curve inflection points (Kogan and Olver, 2015) , wavelet transform local extremum and corner points (Serej et al., 2015) . The segmentation line or object contour of the image are the line feature. A genetic algorithm was proposed to automatic detect edge based on Gaussian transform (Fu et al., 2013) . Random fields was used to obtain the gray-scale invariant contour (Ren et al.,2005) . A contour matching method based on Bsplines was published for two dimensional affine invariant (Wang and Teoh, 2007) .
The regional feature is the high contrast region within the closed boundaries (Guo et al., 2014) . The centroid of the region is an affine invariant, and it is not sensitive to random noise or gray level change. Tuytelaars and Gool (2000) proposed a local affine invariant region algorithm based on the density of image for wide baseline stereo matching. Sun et al. (2012) analyzed the existing affine region detector and the gradient direction histogram. Said and Atri (2011) used the edge points and edge direction vector to obtain the invariant descriptors.
In the use of multiple image sensors for a certain object, with different perspective and position, we will get a different number of images. It will increase the difficulty to extract invariants. In practice, under the affine transformation, the affine geometric invariant is used as the characteristic values of the image. The image does not change the content under the affine transform, just change the coordinates. Therefore, the affine transformation can effectively simulate the relationship between multiple images of the same object under different angles and distances. Affine geometric invariant can be used in wide application range (Bin and Hao, 2012) . Yang and Cohen (1999) presented a set of local absolute affine invariants derived from the convex hull of the scattered feature points extracted from the image. The method dealing with recognition the affine transformed binary objects is presented (Horáček et al., 2008) . It divided an object into affine invariant parts and uses modified radial vector for the description of parts. Yuan and Li (2012) proposed a recognition method for palm vein based on affine geometric properties. Convex hull based features are affine invariant attributes. They are used for isolated Roman numerals recognition in paper (Das et al., 2010) . Zhang et al. (2015) proposed a scale invariant and approximate affine transformation invariant feature point detection algorithm based on the Gabor filter decomposition and phase congruency.
The difficulty of constructing geometric invariant is how to use the image gray distribution to delineate the stable region. Yang's algorithm needs to calculate and select the connections between the convex hull vertices, when the distance of two adjacent convex hull vertex is near, it will result in unstable invariant feature value (such as very large or very small eigenvalues) due to pixel interpolation differences. This paper presents a new improved feature extraction algorithm of affine invariant based on area ratio. We firstly extract the centroid and optimalvertex(which is one of the convex hull vertexes of the object image). Secondly, with the affine invarient properties, a new affine region partition strategy is determined. The affine invariant vecter will be obtained by the area ratio of affine region finally. Experiments show that the proposed algorithm achives a better performance to other three affine invariant extraction algorithms, and the extracted invariant has a well ability to distinguish objects.
The rest of the paper is organized as follows. In Section 2, some properties of affine transformation are briefly introduced. In Section 3, the specific steps of the algorithm are introduced. We present experimental results in Section 4. Finally, we conclude the study.
PROPERTIES OF AFFINE TRANSFORMATION
Theoretically, the affine transformation of the image is the pixel coordinates transform, the content of image will not be changed, include collinear points, coplanar points and parallel line. Generally speaking, the difference between the images of the same object is from different sampling and interpolation methods. This paper focuses on the affine invariant extraction of two-dimensional (2D) planar images.
An affine transformation T = {[A],b} in 2D space between point pair x andx a is given by 
it is a combination of three special mappings, such as a translation, a scaling, a rotation. It is a linear transformation if b = 0. If the rank of [A] is full, i.e., det{[A]}≠0, then the affine transform maps 2D objects to 2D objects. We discuss that the transformation matrix [A] has full rank. Affine transformation has some properties, the following are widely used in affine invariant.
1) The area ' a V of the image of an object after affine transformation is equal to the product of its original area a V times the determinant of the transformation matrix, i.e.,
2) Parallel lines map onto parallel lines, intersecting lines map into intersecting lines with the point of intersection of two lines mapping into the point of intersection of their images.
3) Any three noncollinear points have noncollinear images. 4) Any convex set has a convex image.
Let P 1 and P 2 be two different convex polygons. 1 ' P and 2 ' P aretransformedpolygons under an affine transformation T respectively. Mathematically, a relative invariant is represented by
f and ' f are the ratio of two area formed by the pixels in the same image. From the property 1), we can deduce that ' ff  . Under the transformation T, the invariant f does not change at all, it is an absolute invariant (Yang and Cohen, 1999) .
PROPOSED ALGORITHM
Convex hull is the smallest convex polygon containing all the image pixels of the object. It is unique for the same image, and it has the properties of local controllability (when feature points are either added to or subtracted from the original image, the convex hull is locally affected).
When all the vertexes of the convex hull of the object are known, the affine invariant vector can be constructed by applying the absolute invariant f. The key process is to find an appropriate partition strategy of convex hull. In this paper, we proposed a new partition strategy for the affine convex hull.
Overview of The Algorithm
In our algorithm, a color 2D image I(x) of an object (e.g. a fish image) is regarded as the input. Then, the following four steps are to process I(x). Finally, the algorithm outputs the vector of affine invariant for the object.
Step 1: Preprocess the image I(x). The background noise is removed and I(x) is binarized to I bw (x).
Step 2: Calculate the convex hull CHI of I bw (x), and choose an optimal vertex of CH I .
Step 3: Partition I bw (x) according to the centroid and the optimal vertex.
Step 4: Construct the affine invariant vector based on the ratio of partitioned affine area. The processing flow is illustrated in Fig.1 .
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Image Preprocessing
Due to the complicated environmental factors (such as background, illumination and mutual overlap), the image acquired from the sensor needs to be preprocessed before the feature extraction. Image segmentation is the process of segmenting the digital image into a set of sub regions (pixels). The purpose of segmentation is to simplify, or change representation of the image, making it easier to understand and analyze. Although many various image segmentation algorithms have been proposed (include K-based clustering algorithm, histogram method, edge operator detection method, region growth, level set method, energy minimization method, simulated annealing method, etc.), there is no uniform solution to image segmentation. To solve the segmentation problem, this technology is usually combined with the knowledge of related fields.
We used Columbia University's typical database-Fish Database for testing in the experiment. The images of Fish Database are gray segmented images (the background is white). In order to extract the centroid and the convex hull of a fish, we need to binary processing. In this paper, we use Otsu's algorithm to reduce a gray level image to a binary image. Otsu's algorithm assumes that the image contains two classes of pixels following bimodal histogram (foreground pixels and background pixels), it then calculates the optimum threshold t separating the two classes.
In Otsu's method we exhaustively search for the threshold that minimizes the intra-class variance (the variance within the class), defined as a weighted sum of variances of the two classes
and weights 1, 2  are the probabilities of the two classes separated by a threshold t and 2 1,2  are variances of these two classes. Otsu shows that minimizing the intra-class variance is the same as maximizing inter-class variance
The Otsu algorithm will firstly compute histogram and probabilities of each intensity level, and set up initial ( Using the threshold t, our algorithm binaries the fish grayscale image I(x) into the image I bw (x). For convenience, we let the expression of black color (background) be zero, and white color be one. The example fish image is shown in Fig.2 . 
Convex Hull Calculation and The Optimal Vertex Chosen
Two different points can determine a straight line, and the centroid O and the convex hull vertexes of image I bw (x) can be regard as inherent points with the affine transformation properties. The affine transformation properties 2) and 3) show that the line i L through the centroid O and the ith vertex of convex hull still satifies the affine invariance properties, it will divide image into two closed regions.
After affine transformation T, the straight line 1 ' L can find the corresponding line 1 L . The points reletive positions in Fig.3(a) will not change in Fig.3(b) . The region 1 ' R of the image after affine transformation is corresponding to its original region 1 R . We can deduce that
The line 1 L divides the image into two closed regions 1 R and 2 R , we call it the first time region partition for the object image. The centroid O of the object can easily find, but how can we confirm the point opt P in Figure 3 (a) ? The point opt P is the optimal vertex of convex hull of object image. After we find the convex hull CH I (see Fig.4 
where n is total number of white pixel dots in Figure 4 , the 3 P is the optimal point).
Image Partition Strategy
With the advancement in networking and multimedia technologies enables the distribution and sharing of multimedia content widely. In the meantime, piracy becomes increasingly rampant as the customers can easily duplicate and redistribute the received multimedia content to a large audience. Insuring the copyrighted multimedia content is appropriately used has become increasingly critical.
In Fig.3(a These eight regions can find the corresponding regions after the affine transformation T. This partition strategy avoids creating the minima partitioned area, and reduces the influence of the pixel accumulation error, it also improves the recognition ability of the invariant vector feature.
Affine Invariants Construction
In the upper subsection, the image is divided into eight closed regions, let each of these region be i R , i={1,...,8}. According to the properties of the affine transformation, i R can find the corresponding region ' i R after T. We can deduce that 
So the absolute affine invariant vector
is obtained. For high dimensional invariant vector of the image, we can partition the I bw (x) to 16 and 32 closed subregions. Due to limited space, in this paper, the properties of eight dimensional invariant vector are analyzed.
4.EXPERIMENTAL RESULTS
In this section, we present various experiments to evaluate the efficiency of the proposed algorithm. We use Columbia University's typical database-Fish Database for testing in the experiment. The images of Fish Database are gray segmented images (the background is white).
Firstly, we check the ability of the proposed algorithm in extracting the affine invariant vector of the image on the example fish sets. Secondly, we compare time consumption with ECARC (Huang et al., 2013) , SR (Chen et al., 2007) and MSA (Wang et al., 2013) algorithms. Finally, we analyze the time complexity of the proposed method.
The process is implemented with MATLAB 2014, and all experiments are performed on a Desktop running Windows XP withIntel Pentium 3.0GHz Dual-Core CPU and 1GB memory. 
Affine invariance analysis
Four type fish were selected from Fish Database, and each type includes five images (one front-view image and other four different perspective images, see Figure 6 ).
We first extract the affine invariant vectors from each type fish images by our algorithm, and the feature vectors are plotted as curves according to class. Each vector curve belongs to same class is represented as different line and symbolic (seeFigure7). Through the analysis of the curves, we can conclude: 1) For the same type of fish, the trend of the five vector curves extracted from the different perspective is basically the same.
2) For the different types of fish, the extracted feature vector curves are totally different.
3) The affine invariant feature of the proposed algorithm has a well ability to distinguish and identify, and satisfy the properties of the affine transformation. The features extracted from multiple images of the same type is coincident. The slight differences of eigenvalues are mainly caused by interpolation errors and the quantization errors in preprocess.
The comparison of time consumption
Different algorithms are used one by one to extract affine invariant in Fish Database, and compared the time consumption with our proposed algorithm.
After analyzing the running time of all four steps in our algorithm, we know that the Steps 1, 3, and 4 can be completed in O(n) time. Since we calculate convex hull of the object image in Step 2, the proposed algorithm runs in O(nlogn) time, where n is the number of total pixels of the image I bw (x). The time complexity of ECARC and SR algorithms is O(n 2 ), and MSA is O(n 2 logn). For the same image, the proposed algorithm is faster than ECARC and SR algorithms. Compared with MSA algorithm, when image size increases, the proposed algorithm can save much computational time and perform more effectively.
5.CONCLUSIONS
With the application background of object recognition and image processing, affine invariant describes the uncharge feature for an object under the affine transformation, it can be applied to differentiate the object from the other, and it can also find same object after some transformations. This paper presents a improved feature extraction algorithm of affine invariant based on region partition. The main idea is to divide the region into subregion according to the centriod and optimal vertex of convex hull of the object image.Experimental results show that the computational time of our algorithm is better than ECARC and SR algorithms, and it can be applied to compute affine invariant feature in big-size image.
